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1. 

ROTARY MACHINE COMPONENTS AND 
METHODS OF FABRICATING SUCH 

COMPONENTS 

BACKGROUND OF THE INVENTION 

This invention relates generally to rotary machines, and 
more particularly to methods and apparatus for fabricating 
components of rotary machines. 

At least Some known rotary machines such as, but not 
limited to, steam turbine engines and/or gas turbine engines, 
include various rotor assemblies such as, but not limited to, a 
fan, a compressor, and/or turbines that each includes a rotor 
assembly. At least Some known rotor assemblies include com 
ponents such as, but not limited to, disks, shafts, spools, 
bladed disks (“blisks), seals, and/or bladed integrated rings 
(“blings'). Such components may be subjected to different 
temperatures depending on an axial position and/or a radial 
position within the gas turbine engine. 

For example, during operation, at least Some known gas 
turbine engines may be subjected to an axial temperature 
gradient that extends along a central rotational axis of the 
engine. Generally gas turbine engine components are 
exposed to lower operating temperatures towards a forward 
portion of the engine and higher operating temperatures 
towards an aft portion of the engine. As such, known rotor 
assemblies and/or rotor components are generally fabricated 
from materials capable of withstanding an expected maxi 
mum temperature at its intended position within the engine. 
At least some other known gas turbine engines may be Sub 
jected to radial temperature gradients that extend generally 
along radial axes that are perpendicular to a central rotational 
axis of the engine. Different radial areas of the respective 
assembly/component are Subjected to different temperatures. 
For example, radially inward portions of Such engines are 
generally exposed to lower operating temperatures than com 
ponents located relatively radially outward. 

To accommodate different temperatures, engine compo 
nents have been fabricated with different alloys that have 
different material properties that enable the components to 
withstand different expected maximum radial and/or axial 
temperatures. More specifically, known rotary assemblies 
and/or rotary components are generally forged from a single 
alloy that is capable of withstanding the expected maximum 
temperature of the entire rotary assembly and/or rotary com 
ponent. Because single alloys that are capable of withstand 
ing the expected maximum temperature are generally more 
expensive and heavier than alloys that are only capable of 
withstanding lower temperatures, known rotary components 
forged from the more expensive and heavier single alloys 
generally increase the overall weight and/or cost of the rotor 
components as compared to rotary components fabricated 
from alloys that are only capable of withstanding lower tem 
peratures. 
Known forging methods may also require a greater amount 

of input forging material than is necessary to produce a fin 
ished part to facilitate material flow for die fill. Moreover, 
additional machining time may be required to remove extra 
material after forging. As such, known forging methods may 
also increase the overall cost of fabricating the rotor compo 
nentS. 

BRIEF DESCRIPTION OF THE INVENTION 

In one aspect, a method for fabricating a rotor assembly for 
a turbine, the turbine including a central rotational axis is 
provided. The method includes forging a first rotor compo 
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2 
nent from a first material, separately forging a second rotor 
component from a second material, and coupling the second 
rotor component to the first rotor component at a location 
radially inward of the first rotor component. The second rotor 
component is coupled to the first rotor component in at least 
one axial-circumferential plane that is at least one of Substan 
tially parallel and obliquely oriented with respect to the cen 
tral rotational axis. 

In another aspect, a rotor assembly for a turbine including 
a central rotational axis is provided. The rotor assembly 
including a first rotor component forged from a first material 
and a second rotor component coupled to the first rotor com 
ponent at a location radially inward of the first rotor compo 
nent. The second rotor component including a radially outer 
circumferential web edge. The second rotor component being 
separately forged from a second material and coupled to the 
first rotor component in at least one axial-circumferential 
plane that is at least one of substantially parallel and obliquely 
oriented with respect to the central rotational axis. 

In a further aspect, a rotary machine including a central 
rotational axis is provided. The rotary machine includes a rim 
forged from a first material and a disk stage coupled to the rim 
at a location radially inward of the rim. The disk stage includ 
ing a radially outer circumferential web edge. The disk stage 
being separately forged from a second material and coupled 
to the rim in at least one axial-circumferential plane that is at 
least one of substantially parallel and obliquely oriented with 
respect to the central rotational axis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration of an exemplary gas 
turbine engine; 

FIG. 2 is a partial side view of an exemplary known rotor 
assembly that may be used with the gas turbine engine shown 
in FIG. 1; 

FIG. 3 is a partial perspective view of the rotor assembly 
shown in FIG. 2; 

FIG. 4 is a partial side view of an exemplary rotor assembly 
that may be used with the gas turbine engine shown in FIG.1; 
and 

FIG. 5 is a partial perspective view of the rotor component 
assembly shown in FIG. 4. 

DETAILED DESCRIPTION OF THE INVENTION 

The exemplary methods and apparatus described herein 
overcome the disadvantages of known assembling methods 
and rotor components by fabricating and assembling compo 
nent parts based on a radial temperature gradient of the 
respective component Such that weight and cost of the rotor 
components are facilitated to be reduced. It should be appre 
ciated that “axial and “axially are used throughout this 
application to reference directions and orientations that are 
substantially parallel to a central rotational axis of the rotary 
machine. It should also be appreciated that “axial-circumfer 
ential plane' is used throughout this application to reference 
planes that are substantially parallel to the central rotational 
axis of the rotary machine. In addition, the terms “radial” and 
“radially’ are used throughout this application to reference 
directions and orientations that are substantially perpendicu 
lar to the “axial and “axially disposed features. It should 
also be appreciated that “radial-circumferential plane' is used 
throughout this application to reference planes that are orien 
tated substantially perpendicular to the “axial-circumferen 
tial plane' and to the central rotational axis of the rotary 
machine. Moreover, it should be appreciated that “forward” is 
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used throughout this application to refer to directions and 
positions located upstream and towards an inlet side of a gas 
turbine engine, and 'aft' is used throughout this application 
to refer to directions and positions located downstream and 
towards an exhaust side of the gas turbine engine. 

FIG. 1 a schematic illustration of an exemplary gas turbine 
engine 10 including an air intake side 12, a fan assembly 14, 
a core engine 18, a high-pressure turbine 22, a low-pressure 
turbine 24, and an exhaust side 30. Fan assembly 14 includes 
an array of fan blades 15 extending radially outward from a 
rotor disc 16. Core engine 18 includes a high-pressure com 
pressor 19 and a combustor 20. Fan assembly 14 and the 
low-pressure turbine 24 are coupled by a first rotor shaft 26, 
and the compressor 19 and the high-pressure turbine 22 are 
coupled by a second rotor shaft 28 such that fanassembly 14, 
high-pressure compressor 19, high-pressure turbine 22, and 
low-pressure turbine 24 are in serial flow communication and 
co-axially aligned with respect to a central rotational axis 32 
of gas turbine engine 10. In one embodiment, the gas turbine 
engine 10 is a GE90 engine commercially available from 
General Electric Company, Cincinnati, Ohio. 

During operation, air enters through intake side 12 and 
flows through fan assembly 14 to high-pressure compressor 
19. Compressed air is delivered to combustor 20. Airflow 
from combustor 20 drives high-pressure turbine 22 and low 
pressure turbine 24 prior to exiting gas turbine engine 10 
through exhaust side 30. 

High-pressure compressor 19, combustor 20, high-pres 
sure turbine 22, and low-pressure turbine 24 each include at 
least one rotor assembly. Rotary or rotor assemblies are gen 
erally subjected to different temperatures depending on their 
relative axial position and/or radial position within engine 10 
and with respect to central rotational axis 32. For example, in 
the exemplary embodiment, gas turbine engine 10 has gener 
ally lower operating temperatures towards forward fan 
assembly 14 and higher operating temperatures towards aft 
high-pressure turbine 22. As such, rotor components within 
high-pressure turbine 22 are generally fabricated from mate 
rials that are capable of withstanding higher temperatures as 
compared to fabrication materials for rotor components of fan 
assembly 14. 

FIG. 2 is a partial side view of an exemplary known rotor 
assembly 100 that may be used with a gas turbine engine, such 
as gas turbine engine 10 (shown in FIG. 1). FIG. 3 is a partial 
perspective view of rotary assembly 100. In the exemplary 
embodiment, rotor assembly 100 includes a plurality of rotor 
disk stages 110 and 120 that are rotatably coupled at different 
axial positions along a central rotational axis, such as central 
rotational axis 32 of gas turbine engine 10. Each known disk 
stage 110 and 120 includes a plurality of component areas that 
are positioned at different radial positions with respect to 
central rotational axis 32. Disk stages 110 and 120 are illus 
trated with respective forging envelopes, which are removed 
to fabricate final shapes (shown in FIG. 3) of disk stages 110 
and 120. 

In the exemplary embodiment, components of known rotor 
assembly 100 are subjected to different temperatures depend 
ing on an axial position and/or a radial position with respect to 
central rotational axis 32. Therefore, each disk stage 110 and 
120 is fabricated to include different material properties at 
different axial positions along central rotational axis 32. For 
example, forward disk stage 110 is generally fabricated from 
materials that are capable of withstanding higher tempera 
tures as compared to aft disk stage 120. Moreover, adjacent 
disk stages 110 and 120 located towards a forward section of 
gas turbine engine 10 are generally exposed to higher oper 
ating temperatures than adjacent disk stages 110 and 120 
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4 
located toward an aft section of gas turbine engine 10, and as 
Such, are generally fabricated from materials that withstand 
higher temperatures than materials used in fabricating com 
ponents downstream. 

Although only axial temperature gradients may be consid 
ered to determine fabrication materials of known disk stages 
110 and 120, radial temperature gradients may also be con 
sidered. In the exemplary embodiment, each radial area of 
each disk stage 110 and 120 may be subjected to a different 
temperature depending on the radial position of that compo 
nent. For example, disk stages 110 and 120 each generally 
include several component areas. More specifically, first disk 
stage 110 includes a radially inward central bore area 112, a 
web 114 extending radially outward from bore area 112, and 
a rim 116 extending radially outward from web 114. Rim 116 
includes a forward axial circumferential edge 117 and an 
opposite aft axial circumferential edge 118. Compared to 
bore area 112 and web 114, rim 116 is generally exposed and 
Subjected to higher temperatures through heat transferred 
from rotor blades (not shown) exposed to high temperature 
steam, combustion gases, or compressed air. Because radially 
inward bore area 112 and web 114 are generally exposed to 
lower operating temperatures than radially outward rim 116. 
bore area 112 and web 114 may be fabricated from materials 
capable of withstanding lower temperatures as compared to 
materials used in fabricating rim 116. For example, web 114 
and 124 and bore 112 and 122 areas may be fabricated from 
materials having lower temperature capability. 

In the exemplary embodiment, known second disk stage 
120 includes a radially inward central bore area 122, a web 
124 extending radially outward from the bore area 122, and a 
rim 126 extending radially outward from web 124. Rim 126 
includes a forward axial circumferential edge 127. Compared 
to bore area 122 and web 124, rim 126 is generally exposed 
and Subjected to higher temperatures through heat transferred 
from rotor blades (not shown) exposed to steam or combus 
tion gases. Because radially inward bore area 122 and web 
124 are generally exposed to lower temperatures than radially 
outward rim 126, bore area 122 and web 124 may be fabri 
cated from materials capable of withstanding lower tempera 
tures as compared to materials used in fabricating rim 126. 
For example, rim 116 and 126 areas may be fabricated from 
materials having creep resistance properties and/or hold time 
fatigue properties that facilitate reducing crack growth and 
creep deformation. 
As discussed above, different alloys generally have differ 

ent material properties. Fabricating known disk stages 110 
and 120 by limiting a volume of more expensive and heavier 
alloys may be cost effective. However, known forging meth 
ods generally do not facilitate mixing different alloys in a 
single forging. Therefore, in the exemplary embodiment, 
known disk stages 110 and 120 are each separately forged 
from a single alloy composition that is capable of withstand 
ing a maximum radial temperature that may be subjected to 
each respective rim 116 and 126 as a result of heat transferred 
via rotor blades. 

Moreover, as discussed above, to facilitate die fill, known 
forging techniques generally require a greater amount of 
input forging material than is necessary to produce known 
disk stages 110 and 120. As such, additional machining time 
may be required to remove extra material after forging. 
Because alloys that are capable of withstanding higher tem 
peratures are generally more expensive and heavier than 
alloys capable of withstanding only lower maximum tem 
peratures, known forging methods may actually facilitate 
increase weight and/or fabrication costs of disk stages 110 
and 120. Because known disk stages 110 and 120 are fabri 
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cated from alloys that are capable of withstanding higher 
temperatures than alloys that are only capable of withstand 
ing lower temperatures, known disk stages 110 and 120 are 
generally more expensive and heavier than the alloys that are 
capable of only withstanding the lower temperatures. As 
Such, known forging methods may increase the overall weight 
and/or cost of the rotor components. 
Known disk stages 110 and 120 may be subsequently 

coupled by various known mechanical and/or metallurgical 
techniques that couple adjacent disk stages 110 and 120 along 
a radial-circumferential plane that is substantially perpen 
dicular to central rotational axis 32. For example, aft axial 
circumferential rim edge 118 of first disk stage 110 may be 
axially welded to the facing forward axial circumferential rim 
edge 127 of second disk stage 120. 

Although known forward disk stage 110 may be fabricated 
from a single alloy that is the same or different as compared to 
known aft disk stage 120, known disk stages 110 and 120 are 
generally still forged from a single alloy that is capable of 
withstanding the maximum expected radial temperature 
within its respective stage. Because of the increased amount 
of input forging material, additional single alloy material may 
be required. As discussed above, known disk stages 110 and 
120 are fabricated from alloys that are capable of withstand 
ing higher temperatures than alloys that are only capable of 
withstanding lower temperatures, and thus, known disk 
stages 110 and 120 are generally more expensive and heavier 
than the alloys that are capable of only withstanding the lower 
temperatures. As such, the additional alloy material and addi 
tional machining time increase the overall weight of the rotor 
component and the fabrication costs associated with the 
known rotor component. 

FIG. 4 is a partial side view of an exemplary rotor assembly 
200 that may be used with a gas turbine engine, Such as gas 
turbine engine 10 (shown in FIG. 1). FIG. 5 is a partial 
perspective view of rotor assembly 200. In the exemplary 
embodiments, rotor assembly 200 includes a plurality of rotor 
disk stages 210 and 220, and a rim 230. Disk stages 210 and 
220 are positioned at different axial positions along a central 
rotational axis, such as central rotational axis 32 (shown in 
FIGS. 2 and 3) of gas turbine engine 10. Each disk stage 210 
and 220 includes a plurality of areas that are positioned at 
different radial positions with respect to the central rotational 
axis. Disk stages 210 and 220, and rim 230 are illustrated as 
in-process shapes (shown in FIG. 4) including excess mate 
rial portions, which are removed prior to final machining to 
fabricate final shapes (shown in FIG.5) of disk stages 210 and 
220. 

In the exemplary embodiment, portions of rotor assembly 
200 are subjected to different operating temperatures depend 
ing on the axial position and/or the radial position of those 
portions with respect to the central rotational axis. Moreover, 
as described in more detail below, each disk stage 210 and 220 
includes different material properties at different axial posi 
tions along the central rotational axis. For example, in the 
exemplary embodiment, forward disk stage 210 is generally 
fabricated from materials capable of withstanding higher 
temperatures as compared to aft disk stage 220. 

Specifically, in the exemplary embodiment, disk stages 
210 and 220 are separately forged from, and joined, to a, rim 
230 to facilitate reducing weight and fabrication costs in 
further consideration of radial temperature gradients. Each 
disk stage 210 and 220 includes a web and a central bore. 
More specifically, first disk stage 210 includes bore area 212 
and a web 214 that extends radially outward from bore area 
212. Web 214 includes an outer circumferential web edge 
215. 
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6 
Radially inward bore area 212 and web 214 are generally 

exposed to lower operating temperatures than rim 230. As 
such, compared to materials used in fabricating rim 230, bore 
area 212 and web 214 are fabricated with materials that have 
lower temperature capability. Therefore, in a single forging 
process, first disk stage bore area 212 and web 214 are fabri 
cated from a single alloy composition capable of withstand 
ing a lower temperature as compared to a material capable of 
withstanding higher temperatures that is used in fabricating 
rim 230. 

In the exemplary embodiment, second disk stage 220 
includes a central bore area 222 and a web 224 that extends 
radially outward from bore area 212. Web 224 includes an 
outer circumferential web edge 225. Radially inward bore 
area 222 and web 224 are generally exposed to lower operat 
ing temperatures than rim 230. As such, compared to mate 
rials used in fabricating rim 230, bore area 222 and web 224 
are fabricated with materials that have lower temperature 
capability. Therefore, in a single forging process, second disk 
stage bore area 222 and web 224 are fabricated from a single 
alloy composition that is the same or different than the alloy 
composition used for bore area 212 and the web 214 of first 
disk stage 220. However, second disk stage bore area 222 and 
web 224 are fabricated from a single alloy composition 
capable of withstanding lower temperatures as compared to a 
material capable of withstanding higher temperatures that is 
used in fabricating rim 230. 

In the exemplary embodiment, rim 230 includes a plurality 
of rim protrusions 232 and 234 that extend radially inward. 
Each protrusion 232 and 234 is positioned at a different axial 
location relative to the central rotational axis, and is oriented 
to engage rim circumferential edges 215 and 225 of first and 
second disk stages 210 and 220, respectively. 
Compared to bore areas 212 and 222, and to webs 214 and 

224, rim 230 is generally subjected to higher temperatures as 
a result of heat transfer from rotor blades (not shown) that are 
generally exposed to high temperature steam or combustion 
gases. As such, rim 230 is fabricated from materials having 
creep resistance and hold time fatigue properties that facili 
tate reducing crack growth and creep deformation. Therefore, 
in a single forging process, rim 230 is fabricated from a single 
alloy composition capable of withstanding higher tempera 
tures as compared to the materials used in fabricating bore 
areas 212 and 222 and webs 214 and 224. 

Each of first disk stage 210 and the second disk stage 220 
is subsequently joined to rim 230 in an axial-circumferential 
plane that is at least one of substantially parallel and obliquely 
oriented with respect to the central rotational axis. For 
example, first disk stage web edge 215 is radially welded to 
rim first protrusion 232, and second disk stage web edge 225 
is radially welded to rim second protrusion 234. More spe 
cifically, in the exemplary embodiment, at least one portion of 
web edges 215 and 225, and at least one portion of first and 
second rim protrusions 232 and 234, are preferably at least 
one of Substantially parallel and obliquely oriented at angles 
of approximately between 0 to 90°, more particularly, 
approximately 45°, and all subranges therebetween with 
respect to the central rotational axis. Moreover, in the exem 
plary embodiment, web edge 215 is shaped generally comple 
mentary to first rim protrusion 232, and web edge 225 is 
complementary to second rim protrusion 234. 

In exemplary rotor assembly 200, the amount of generally 
more expensive and heavier materials previously used in bore 
and web areas, such as known disk stages 110 and 120 (shown 
in FIGS. 2 and 3), is reduced because generally materials 
capable of withstanding only lower temperatures are used in 
fabricating bore areas 212 and 222 and webs 214 and 224. As 
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a result of using less input forging materials capable of with 
standing higher temperatures, the overall weight and fabrica 
tion costs associated with bore areas 212 and 222 and webs 
214 and 224 of first and second disk stages 210 and 220 may 
be reduced. 

Moreover, in the exemplary embodiments, although disk 
stages 210 and 220 are coupled to rim 230, rim 230 is a 
common rim forged separately from higher temperature 
materials which enables rim 230 to be coupled to a plurality of 
axially displaced disk stages 210 and 220. As a result, because 
rim 230 is coupled to axially adjacent disk stages 210 and 
220, a plurality of individual rims, such as rims 116 and 126 
(shown in FIGS. 2 and 3), do not have to be subsequently 
welded together within the rotor assembly 200 as is required 
in known rotor assemblies, such as rotor assembly 100 
(shown in FIGS. 2 and 3). 

In exemplary methods for fabricating rotor assembly 200, 
rim 230 is forged separately from disk stages 210 and 220. 
More specifically, rim 230 is forged from a material that is 
capable of withstanding higher operating temperatures as 
compared to materials used to fabricate disk stages 210 and 
220. The materials used to forged disk stages 210 and 220 
may be the same or a different alloy provided that such mate 
rials are capable of withstanding only lower maximum 
expected temperatures as compared to the materials used to 
forge rim 230. Disk stages 210 and 220 may then be coupled 
to rim 230 at any axial position along a central rotational axis 
of a respective engine. More specifically, in the exemplary 
embodiment, disk stages 210 and 220 are each coupled to rim 
230 in at least one axial-circumferential plane that is at least 
one of substantially parallel and obliquely oriented with 
respect to the central rotational axis. 

In Summary, during operation, the associated gas turbine 
engine 10 has generally lower operating temperatures 
towards its central rotational axis as compared to regions 
located downstream and exposed to the combustion gas flow 
path. For example, bore areas 212 and 222 and webs 214 and 
224 are generally exposed to lower operating temperatures as 
compared to rim 216 and 226 areas. Therefore, it is desirable 
to fabricate a disk stage, such as disk stages 210 and 220, 
using materials that are capable of withstanding only lower 
maximum expected temperatures for bore 212 and 222 areas 
and webS 214 and 224, and using materials that are capable of 
withstanding higher temperatures for rims 216 and 226. Such 
a rotor assembly facilitates reducing the overall forging 
weight and fabrication costs as compared to known rotor 
assemblies. 

Moreover, in the exemplary embodiment, disk bore areas 
212 and 222 and webs 214 and 224 are separately forged from 
rim 230. Specifically, disk bore areas 212 and 222 and webs 
214 and 224 are forged from alloys capable of withstanding 
only lower maximum expected temperatures as compared to 
rim 230, which is forged separately from an alloy capable of 
withstanding higher temperatures. Therefore, Such fabrica 
tion methods facilitate reducing an amount of generally more 
expensive materials than are required in fabricating known 
rotor assemblies. Further, separately forging different radial 
areas of rotor components facilitates fabricating rotor com 
ponents from a least expensive material that is capable of 
withstanding a higher maximum radial temperature at an 
intended radial position. Such separately forged rotary com 
ponents may be subsequently welded by placing the welds in 
an axial-circumferential plane of the part. As a result, the 
above described fabrication methods facilitate reducing the 
overall forging weight and fabrication cost of the overall 
rotary assembly. 
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Although disk bore areas 212 and 222 and webs 214 and 

224 are separately forged from alloys capable of withstanding 
only lower maximum expected temperatures as compared to 
rim 230, it should be appreciated that disk area 212 and 222 
and webs 214 and 224 may be separately forged from rim 230 
using a an alloy that is capable of withstanding higher tem 
peratures induced on rim 230. In other words, disk area 212 
and 222 and webs 214 and 224 may be forged from a same 
alloy used to separately forge rim 230. Because rim 230 is 
separately forged from disk area 212 and 222 and webs 214 
and 224, a lesser amount of input forging material facilitates 
material flow for die fill to produce a final machined rim 230 
as compared to known forging methods to produce a final 
machined rim having Substantially the same dimensions. As 
Such, separately forging rim 230 facilitates removing less 
extra material after forging as compared to known forging 
methods. As a result, the above described fabrication methods 
also facilitate reducing the overall forging weight and fabri 
cation cost of the overall rotary assembly as compared to 
known fabrication methods. 

Exemplary embodiments of fabricating and assembling 
rotor components are described in detail above. The rotor 
components are not limited to use with the gas turbine engine 
described herein, but rather, the rotary components can be 
utilized independently and separately from other rotor assem 
bly components described herein. Moreover, the invention is 
not limited to the embodiments of the rotor assembly and 
components described above in detail. Rather, other varia 
tions of the rotary assembly and components may be utilized 
within the spirit and scope of the claims. 

While the invention has been described in terms of various 
specific embodiments, those skilled in the art will recognize 
that the invention can be practiced with modification within 
the spirit and scope of the claims. 
What is claimed is: 
1. A method for fabricating a rotor assembly for a gas 

turbine engine having a compressor section and a turbine 
section, the rotor assembly having a central rotational axis, 
said method comprising: 

forging a plurality of rotor disk stages separately from one 
another, wherein at least one of the disk stages is forged 
from a first material that is configured to withstanda first 
maximum operating temperature, wherein the disk 
stages are part of the turbine section of the gas turbine 
engine; 

forging a rim separately from the disk stages, the rim 
forged from a second material that is configured to with 
stand a second maximum operating temperature that is 
greater than the first maximum operating temperature; 
and 

coupling each disk stage to the rim at an axial-circumfer 
ential plane that is obliquely oriented with respect to the 
central rotational axis such that the disk stages are radi 
ally inward of the rim with the rim spanning the disk 
Stages. 

2. A method according to claim 1 wherein coupling each 
disk stage to the rim further comprises coupling a radially 
outer circumferential web edge of each disk stage to the rim at 
the axial-circumferential plane. 

3. A method according to claim 1 further comprising fab 
ricating the rim to include a protrusion that is configured to 
extend radially inward, wherein a portion of the protrusion is 
configured to lie on the axial-circumferential plane and to be 
obliquely oriented with respect to the central rotational axis. 

4. A method according to claim 3 wherein coupling each 
disk stage to the rim further comprises coupling a radially 
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outer circumferential web edge of one of the rotor disk stages 
to the portion of the protrusion at the axial-circumferential 
plane. 

5. A method according to claim 4 wherein the portion of the 
protrusion is oriented at an angle between 0° and 90° with 
respect to the central rotational axis. 

6. A method according to claim 4 wherein the radially outer 
circumferential web edge is oriented at an angle between 0° 
and 90° with respect to the central rotational axis. 

7. A method according to claim 4 wherein the portion of the 
protrusion and the radially outer circumferential web edge are 
oriented at complementary angles. 

8. A rotor assembly for a gas turbine engine having a 
compressor section and a turbine section, said rotor assembly 
having a central rotational axis and comprising: 

a plurality of rotor disk stages forged separately from one 
another, wherein at least one of said disk stages is forged 
from a first material that is configured to withstanda first 
maximum operating temperature, wherein said disk 
stages are part of the turbine section of the gas turbine 
engine; and 

a rim forged separately from said disk stages, said rim 
forged from a second material that is configured to with 
stand a second maximum operating temperature that is 
greater than the first maximum operating temperature, 
wherein each disk stage is coupled to said rim at an 
axial-circumferential plane that is obliquely oriented 
with respect to the central rotational axis such that said 
disk stages are radially inward of said rim with said rim 
spanning said disk stages. 

9. A rotor assembly according to claim 8 wherein each disk 
stage comprises a radially outer circumferential web edge 
coupled to said rim at the axial-circumferential plane. 

10. A rotor assembly according to claim 8 wherein said rim 
comprises at least one protrusion that extends radially inward 
Such that a portion of said at least one protrusion lies on the 
axial-circumferential plane. 

11. A rotor assembly according to claim 10 wherein said 
portion of said protrusion is coupled to a radially outer cir 
cumferential web edge of one of said rotor disk stages at the 
axial-circumferential plane. 

5 

10 

15 

25 

30 

35 

40 

10 
12. A rotor assembly according to claim 11 wherein said 

portion of said protrusion is oriented at an angle between 0° 
and 90° with respect to the central rotational axis. 

13. A rotor assembly according to claim 11 wherein said 
radially outer circumferential web edge is oriented at an angle 
between 0° and 90° with respect to the central rotational axis. 

14. A rotor assembly according to claim 11 wherein said 
portion of said protrusion and said radially outer circumfer 
ential web edge are oriented at complementary angles. 

15. A gas turbine engine comprising: 
a compressor assembly; 
a combustor assembly arranged in flow communication 

with said compressor assembly; and 
a turbine assembly arranged in flow communication with 

said combustor assembly, wherein said turbine assem 
bly has a central rotational axis and comprises: 
a plurality of rotor disk stages forged separately from 

one another, wherein at least one of said disk stages is 
forged from a first material that is configured to with 
stand a first maximum operating temperature; and 

a rim forged separately from said disk stages, said rim 
forged from a second material that is configured to 
withstand a second maximum operating temperature 
that is greater than the first maximum operating tem 
perature, wherein each disk stage is coupled to said 
rim at an axial-circumferential plane that is obliquely 
oriented with respect to the central rotational axis 
Such that said disk stages are radially inward of said 
rim with said rim spanning said disk stages. 

16. A gas turbine engine according to claim 15 wherein 
each disk stage comprises a radially outer circumferential 
web edge coupled to said rim at the axial-circumferential 
plane. 

17. A gas turbine engine according to claim 16 wherein 
said rim comprises a protrusion that extends radially inward, 
a portion of said protrusion being obliquely oriented with 
respect to the central rotational axis. 

18. A gas turbine engine according to claim 17 wherein 
said radially outer circumferential web edge is coupled to said 
portion of said protrusion at the axial-circumferential plane. 
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